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Biofuels  have  a  potential  to  extend  and  diversify  South  Africa's  energy  supply,  thus  reducing  dependence 
on  imported  fuels  and  pollution  levels.  Despite  several  biofuel  policies  and  mandates,  biofuel  develop¬ 
ment  in  South  Africa  has  stalled  in  the  legislative  process  and  no  large  scale  commercial  biofuel  project 
has  materialized  yet.  Developing  biofuels,  especially  using  food  grains,  is  a  big  challenge  to  the 
government  of  South  Africa  due  to  issues  related  to  food  security,  commodity  prices,  economic  and 
social  concerns,  and  impacts  of  land  use  changes  on  the  environment.  The  production  cost  of  feedstock 
and  employment  creation  opportunities  from  agricultural  production  play  a  vital  role  in  selecting 
suitable  feedstock  for  the  region.  Since  considerable  investment  and  infrastructure  will  be  required  for 
continued  supply  of  feedstock  and  efficient  biomass  conversion  technologies,  rigorous  research  and 
comprehensive  studies  are  required  to  identify  feedstock  and  technologies  best  suited  for  the  successful 
establishment  of  biofuel  industry  in  South  Africa. 
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1.  Introduction 

Developing  biofuels  has  many  advantages,  such  as  efficient 
utilization  of  renewable  resources;  enhanced  energy  security  and 
energy  supply  diversification;  enhanced  rural  agriculture  devel¬ 
opment  and  investment  in  rural  areas;  reduced  greenhouse  gas 
(GHG)  emissions;  and  increased  jobs  and  improved  livelihood. 
Global  production  of  biofuels  has  been  growing  steadily  from 
about  20  billion  litres  (125  million  barrels)  in  2001  to  over  110 
billion  litres  (692.5  million  barrels)  in  2011  [1],  During  this  period, 
worldwide  production  of  ethanol  and  biodiesel  has  increased  by 
almost  five  and  twenty  fold,  respectively.  The  global  biofuel 
production  is  projected  to  reach  222  billion  litres  by  2021,  with 
ethanol  and  biodiesel  share  of  81%  and  19%,  respectively  [2], 
In  2011,  biofuels  provided  around  3%  of  total  fuel  for  road 
transportation  worldwide  [2,3]  and  it  is  projected  to  share  27% 
of  world  transport  fuel  by  2050  [3],  United  States  is  a  top  producer 
of  biofuels,  followed  by  Brazil.  The  global  contribution  of  South 
Africa  in  biofuel  production  is  much  less  than  0.01%  (Fig.  1). 

Biofuels  are  fuels  derived  from  biomass  or  waste  feedstock.  The 
most  common  biofuels  are  bioethanol  and  biodiesel.  Bioethanol,  or 
ethanol,  is  an  alcohol  made  by  fermenting  sugar  and  starch  compo¬ 
nents  of  crops  (e.g.  maize  or  sugarcane)  using  yeast  and  contents 
about  70%  of  the  energy  of  fossil  petrol  [4],  Ethanol  can  be  used  as  a 
fuel  for  vehicle  in  its  pure  form,  but  it  is  usually  blended  with  petrol  to 
increase  octane  number  and  improve  vehicle  emissions  [5,6],  Cellu- 
losic  biomass,  derived  from  non-food  sources  (such  as  straws,  woody 
biomass  and  grasses),  is  also  being  developed  as  a  second  generation 
feedstock  for  ethanol  production.  Biodiesel  is  a  fuel  comprised  of 
mono-alkyl  esters  of  long  chain  fatty  acids  produced  by  reaction  of 
triglycerides  in  vegetable  oils  or  animal  fats  or  waste  oils  with  alcohol 
and  contents  about  91%  to  94%  of  the  energy  of  fossil  diesel  [4], 
Biodiesel  blends  improve  cetane  number  and  vehicle  emissions  [7], 

Several  developed  and  developing  countries  have  adopted 
mandatoiy  biofuel  policies  and  set  biofuel  targets  (Table  1)  to 
enhance  energy  security  and  contribute  to  climate  change  mitiga¬ 
tion  and  rural  agricultural  development.  Mandates  and  incentives 
for  blending  biofuels  with  fossil  fuels  contribute  significantly  to  the 
on-going  growth  in  biofuel  production  and  use.  Over  the  years, 
South  Africa  has  also  established  several  biofuel  policies  and 
mandates,  such  as  Biofuels  Industrial  Strategy  aiming  to  promote 
the  production  and  use  of  biomass  fuels,  attract  investment  into 


rural  agricultural  development,  and  create  additional  employment. 
Ethanol  production  in  Thailand  was  estimated  to  generate  17-20 
times  more  jobs  than  petrol  production  with  agriculture  contribut¬ 
ing  to  more  than  90%  of  the  total  employment  [14],  The  farming 
jobs  created  will  depend  on  the  feedstock  and  level  of  mechaniza¬ 
tion  available  for  biofuel  crops  in  the  country  [10],  For  instance, 
jatropha  will  create  most  jobs  as  it  is  labour  intensive,  and  the 
production  of  sugarcane  in  Brazil  and  maize  in  the  United  States  is 
highly  mechanized  and  will  create  fewer  jobs.  The  estimates  and 
potential  employment  from  biofuel  industry  is  presented  in  Table  2. 

In  recent  years,  several  African  nations  (Table  1 )  have  gone  ahead 
with  the  decision  to  produce  biofuel  crops  to  slash  fuel  import 
volumes  and  bills.  However  in  South  Africa,  biofuel  development  has 
stalled  in  a  legislative  process  and  biofuel  is  yet  to  be  commercially 
produced  in  a  large  scale.  The  challenges  hindering  biofuel  devel¬ 
opment  in  South  Africa  may  include  security  to  economic  and  social 
concerns,  such  as  impacts  on  food  security,  commodity  prices, 
biodiversity  and  environmental  degradation  due  to  land  use 
changes.  This  paper  explores  the  challenges  behind  the  struggling 
biofuel  industry  in  South  Africa.  The  paper  examines  key  reasons 
hindering  biofuel  development  in  South  Africa,  as  well  as  the 
potential  of  establishing  biofuel  industry  in  the  nation. 

2.  Drivers  of  biofuel  expansion 

The  energy  and  economic  crisis  in  the  world  has  triggered  the 
global  interest  on  the  development  of  biofuels  as  an  alternative  to 
fossil  fuel  [16,17],  Developing  biofuels  is  desirable  because  they  are 
derived  from  sustainable  sources  of  energy  [18]  and  considered  to 
be  carbon  neutral  [19].  The  other  drivers  of  biofuels  include 
volatile  fuel  prices  [16,17,20],  utilization  of  agricultural  surpluses 
[4,17,20],  and  creation  of  additional  employment  [4,20],  Non-OPEC 
countries  with  little  or  no  fossil  fuel  reserves  would  benefit  from 
the  utilization  of  existing  [16]  and  underutilized  land  resources. 

The  reduction  of  carbon  and  other  emissions  has  been  a  major 
driver  of  biofuel  expansion  in  the  developed  countries,  whereas 
energy  security,  job  creation,  and  rural  social  and  economic  develop¬ 
ment  have  been  the  major  thrust  for  biofuel  expansion  in  developing 
countries  [21-23],  Several  studies  have  been  conducted  on  biofuel 
development  in  African  countries  and  most  of  these  studies  suggest 
that  African  countries  have  a  potential  of  producing  biofuels  for 
domestic  and  international  markets  [19,22,24,25].  Since  Europe 
doesn't  have  sufficient  agricultural  land  to  produce  enough  biofuels 
to  meet  the  EU  target  of  5.7%  share  of  renewable  fuel  in  transport  and 
10%  by  2020,  the  European  Union  (EU)  and  other  investors  are 
interested  in  building  biofuel  production  base  in  Africa  [23,26], 

Moreover,  biofuels  work  in  existing  technology  with  little  or  no 
modification,  mostly  up  to  10%  blends  for  ethanol  or  even  100%  for 
biodiesel  [4],  Biofuels  can  be  produced  from  a  wide  range  of  feedstock 
compared  to  crude  oil  which  has  limited  alternative  feedstock.  There  is 
a  little  scope  of  developing  technological  advancements  for  the  already 
mature  petroleum  industry,  whereas  biofuel  industry  has  a  great 
scope  for  developing  advanced  and  efficient  technologies  in  future. 

3.  Importance  of  biofuels  in  South  Africa 

South  Africa  is  the  largest  consumer  of  energy  among  Africa’s 
53  nations,  accounting  for  about  31%  of  total  primary  energy 
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Table  1 

Biofuel  policies  and  targets  in  selected  countries  and  regions  [2,3,8-13], 


Country/region 

Mandates  or  targets 

Angola 

•E10 

Argentina 

•  E5  and  B10 

•  B10  is  mandatory  for  transport  and  thermal  electric  plants 

Australia 

•  E4  and  B2  (New  South  Wales) 

•  E5  by  2017  and  E10  by  2020  (nationwide) 

Bolivia 

•  E10  and  B2.5 

•  B20  by  2015 

Brazil 

•  E20  and  B5 

•  B10  by  2020 

Canada 

•  E5-E8.5  and  B2 

China 

•  E10  (nine  provinces) 

•  E10  (nationwide)  by  2020 

Chile 

•E5  and  B5 

Colombia 

•  E8-E10  and  B10 

Costa  Rica 

•E7  and  B20 

Ecuador 

•B5 

Ethiopia 

•E5 

European 

Union  (EU) 

•  5.7%  share  of  renewable  fuel  in  transport 

•  10%  share  of  renewable  fuel  by  2020 

Fiji 

•Voluntary  blends  of  E10  and  B5 

India 

•  E5  (E10  approved  in  Maharashtra) 

•  E20  and  B20  by  2017 

Indonesia 

•  E3  and  B2-B2.5 

•  E5  and  B5  by  2015 

•  E15  and  B20  by  2025 

Jamaica 

•E10 

Kenya 

•E10  (Kisumu  city) 

Malawi 

•E10 

Malaysia 

•  B5 

•  B7  (proposed) 

Mexico 

•  E2  (Guadalajara) 

•  E2  (proposed  for  Mexico  city  and  Monterrey) 

Mozambique 

•  E10 

•  B5  by  2015 

Nigeria 

Panama 

•E10  and  B20 

•  E2 

•  E5  (2014) 

•  E7  (2015) 

•  E10  (2016) 

Philippines 

•E10  and  B2 

Paraguay 

•E24  and  B1 

Peru 

•  E7.8  and  B2 

•  B5  (proposed) 

South  Africa 

•E2-  10  and  B5  starting  2015 

South  Korea 

•B2 

Sudan 

•E5 

Taiwan 

•  B1 

•  E3  (proposed) 

Thailand  •  B5 


Table  1  ( continued ) 


Country/region  Mandates  or  targets 


United  States 


Uruguay 


Vietnam 


Zimbabwe 


•  Ethanol  production  of  9  million  litres  per  day 
from  2017  to  2022. 

•  2014  volume  in  billion  litres:  cellulosic  biofuel=6.6; 
biomass  based  diesel=3.8;  advanced  biofuel=14.2;  and 
renewable  fuel=68.7  (corn  ethanol=54.5) 

•  GHG  reduction:  cellulosic  biofuel— 60%;  biomass  based 
diesel=50%;  advanced  biofuel  — 50%:  and  renewable 
fuel =20% 

•  B10  (Minnesota) 

•  136  billion  litres  of  biofuels  by  2022  of  which  60  billion 
litres  must  come  from  cellulosic  biofuels. 

•  B2 

•  E5  and  B5  by  2015 

•  E5 

•  50  million  litres  biodiesel  and  500  million  litres  ethanol 
by  2020 

•  E15 

•  E20  by  2014 


consumption  in  Africa  in  2012  [27],  Transport  sector  is  a  large 
consumer  of  energy  covering  about  one  quarter  of  South  African 
energy  consumption.  According  to  BP  Statistical  Review  of  World 
Energy  2013  [27],  South  Africa  consumed  an  energy  equivalent  of 
124  Mtoe  in  2012,  of  which  coal  accounted  for  72.5%,  followed  by 
oil  (21.7%),  natural  gas  (2.8%),  nuclear  (2.6%),  and  renewables  (0.4%, 
primarily  from  hydropower).  According  to  Energy  Information 
Administration  [1],  South  Africa  contributed  approximately  1.4% 
of  global  C02  emissions  and  was  responsible  for  40%  of  Africa’s 
emissions  in  2011,  thus  making  South  Africa  to  become  the  leading 
carbon  dioxide  (C02)  emitter  in  Africa  and  the  14th  largest 
worldwide.  South  African  consumption  of  energy  has  increased 
C02  emission  by  18%  from  2001  to  2011. 

South  Africa  has  limited  oil  reserves  and  imports  a  significant 
amount  of  oil  to  meet  the  nation’s  oil  requirements.  South  African 
proven  oil  reserves  are  about  2.4  billion  litres  (15  million  barrels) 
and  the  total  South  African  oil  production  was  28.8  million  litres 
(181  000  bbl)  per  day  at  the  end  of  2012  [1].  With  that  rate  of  crude 
production  and  proven  reserves,  the  reserves-to-production  (R/P) 
ratio  for  South  Africa  is  estimated  to  be  0.23  years.  The  R/P  ratio  is 
the  number  of  years  for  which  the  current  level  of  production  of 
fuel  can  be  sustained  by  its  reserves  and  is  calculated  by  dividing 
proven  reserves  at  the  end  by  the  production  in  that  year  [28],  The 
2012  estimate  of  total  petroleum  consumption  in  South  Africa  was 
96.8  million  litres  (609  000  bbl)  per  day,  of  which  approximately 
68  million  litres  (428  000  bbl)  per  day  was  imported  (70%  of 
consumption).  About  85%  of  petroleum  fuel  consumption  in  2012 
was  covered  by  petrol  (43%)  and  diesel  (41%)  [29], 

South  Africa  needs  alternative  sources  to  cope  with  energy  security 
and  emission  issues  and  save  heavy  foreign  exchange  spent  on 
imported  oil.  Renewable  fuels,  such  as  biofuels,  have  the  potential  to 
extend  and  diversify  South  Africa’s  energy  supply,  which  will  help 
reduce  South  Africa’s  dependence  on  imported  fuels  and  reduce 
carbon  footprint.  Biofuels  can  also  help  South  Africa  to  achieve 
renewable  energy  goals,  increase  local  energy  access,  uplift  agricultural 
sector  and  its  market,  and  boost  economic  and  rural  development  of 
the  country.  Biomass  energy  (including  liquid  biofuels)  along  with 
wind,  solar  and  small-scale  hydropower  are  considered  in  the  South 
African  Policy  on  Renewable  Energy,  known  as  White  Paper  on 
Renewable  Energy,  as  renewable  sources  to  be  exploited  to  produce 
a  renewable  energy  target  of  10  000  GW  h  by  2013  [30], 
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Table  2 

Employment  creation  from  biofuel  industry  [10,14,15], 


Type  of  biofuel  Employment 


Sugarcane  production  in  Brazil  and  Mozambique 

Palm  production  in  Malaysia  and  Indonesia 

Jatropha  production  in  Indonesia 

Cassava  production  in  Thailand  and  Mozambique 

Average  ethanol  plant 

Corn  ethanol 

Sugarcane  ethanol 

Palm  oil  biodiesel 

Soybean  oil  biodiesel 

Ethanol  in  APEC  countries 

Biodiesel  in  APEC  countries 
Ethanol  in  Brazil 
Biodiesel  in  Brazil 
Ethanol  in  United  States 
Biodiesel  in  United  States 
Cassava  ethanol  in  Thailand 
Molasses  ethanol  in  Thailand 
Sugarcane  ethanol  in  Thailand 
Palm  biodiesel  in  Thailand 
Ethanol  in  Thailand  in  2022 


0.11-0.27  jobs/ha/year 
0.30-0.38  jobs/ha/year 
0.11-0.28  jobs/ha/year 
0.11-0.37  jobs/ha/year 
300  direct  and  additional  50%  indirect  jobs 

1.1  jobs/million  litres/year 

5.1  jobs/million  litres/year 

73.3  jobs/million  litres/year 
3.5  jobs/million  litres/year 

45  000-175  000  jobs  (1st  generation) 

2414  000  jobs  (2nd  generation  estimate) 
197  000-651  000  jobs  (1st  generation) 

39  direct  jobs/million  litres/year 

83.3  jobs/million  litres/year 
4.2 -4.4  jobs/million  litres/year 
13  jobs/million  litres/year 

117  jobs/million  litres/year 
112  jobs/million  litres/year 
121  jobs/million  litres/year 
128  jobs/million  litres/year 
238  700-382  400  jobs 


Table  3 

Biofuel  Plants  on  pipeline  [34], 


Name 

Type  (feedstock) 

Capacity  (million  litres/year) 

Location 

Arengo  316P.  Ltd. 

Ethanol  (sorghum) 

90 

Cradock,  Eastern  Cape 

Mabele  Fuels 

Ethanol  (sorghum) 

158 

Bothaville,  Free  State 

Ubuhle  Renewable  Energy 

Ethanol  (sugarcane) 

50 

Jozinin,  KZN 

E10  Petroleum  Africa  CC 

Ethanol 

4.2 

Gauteng,  Germiston 

Rainbow  Nation  Renewable  Fuels  Ltd. 

Biodiesel  (soybean) 

288 

Port  Elizabeth,  Eastern  Cape 

Phyto  Energy 

Biodiesel  (canola) 

>500 

Port  Elizabeth,  Eastern  Cape 

Exol  Oil  Refinery 

Biodiesel  (WVO) 

12 

Krugersdorp,  Gauteng 

Basfour  3528  P.  Ltd. 

Biodiesel  (WVO) 

50 

Berlin,  Eastern  Cape 

3.1.  Status  of  biofuels  in  South  Africa 

South  Africa’s  history  of  using  biofuel  dates  back  to  the  1920s 
when  sugar  ethanol  was  blended  with  petrol  [4,21],  The  blending 
was  halted  in  the  early  1960s  due  to  cheaper  imported  fossil  fuels 
which  made  blending  economically  unviable.  The  potential  of 
biofuels  to  fulfil  energy  and  economic  security  has  renewed  the 
public  and  political  interest  on  biofuels.  The  government  of  South 
Africa  established  Biofuels  Industrial  Strategy  in  2007  to  address 
the  renewed  interest  on  need  of  biofuels  in  the  country. 

Despite  many  policy  statements  and  plans  over  the  years,  biofuel 
production  in  South  Africa  is  still  in  its  infancy  [31  ]  and  very  few 
small  scale  biofuel  plants  are  available  in  the  country  [16],  Currently, 
there  are  about  200  small  plants  producing  biodiesel,  mostly  using 
waste  vegetable  oil  (WVO)  as  feedstock  [32]  which  neither  com¬ 
petes  with  food  nor  with  agricultural  land.  The  production  rate  of 
these  plants  is  quite  low  because  owners  prefer  batch  reactors  over 
continuous  reactor  due  to  low  acquisition  cost,  simple  design  and 
ease  of  operation  [33],  Ethanol,  which  is  produced  at  small  and 
medium  scale,  is  mostly  being  used  in  non-fuel  purpose  (e.g. 
solvent,  food  and  beverages,  pharmaceuticals,  etc.)  and  exported 
to  EU  market  [4[.  The  2011  estimate  of  the  production  of  ethanol 
and  biodiesel  in  South  Africa  was  only  about  16  000  and  4770  1  per 
day,  respectively  [1[.  However,  few  manufacturing  sites  have  been 
identified  and  licenced  for  commercial  biofuel  production  within 
South  Africa  (Table  3). 


3.2.  South  African  biofuel  policy 

In  2007,  Biofuels  Industrial  Strategy  was  ratified  by  the  South 
Africa  government  based  on  a  feasibility  study  of  the  National 
Biofuels  Task  Team  [35],  The  strategy  is  aimed  at  achieving  a 
number  of  goals,  including  attracting  investment  into  rural  areas, 
promoting  agricultural  development,  poverty  alleviation  through 
sustainable  income  earning  opportunities,  and  import  substitution 
of  foreign  oil.  The  strategy  had  aimed  to  achieve  2%  penetration  of 
biofuels  in  the  national  liquid  fuel  supply  by  2013,  which  is 
equivalent  to  400  million  litres  per  annum  [17],  The  strategy  had 
estimated  the  creation  of  about  25  000  jobs  in  rural  farming  and 
contribution  of  up  to  50%  to  the  renewable  energy  target  of 
10  000  GW  h  by  2013  [36], 

The  strategy  recommended  sugarcane  and  sugar  beet  as  feed¬ 
stock  for  ethanol  production;  and  sunflower,  canola  and  soybeans 
for  biodiesel  production;  however  it  has  currently  excluded  maize 
and  jatropha  citing  concerns  related  to  food  security,  possible 
price  hikes  and  environmental  concerns.  The  strategy  also  briefs 
biofuel  incentives— ethanol  falls  outside  the  fuel  tax  net,  hence  is 
100%  exempt  from  fuel  tax;  whereas  biodiesel  falls  within  the  fuel 
tax  net,  hence  biodiesel  manufacturers  receive  a  rebate  of  50%  on 
the  general  fuel  levy. 

The  Biofuels  Industrial  Strategy  focuses  more  on  previously 
disadvantaged  communities  and  emerging  farmers.  The  strategy 
focuses  on  economic  and  social  development  of  rural  areas 
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through  the  agricultural  development  in  the  former  homeland 
areas  [21,37].  The  South  African  government  plans  to  place  a  quota 
that  requires  a  minimum  of  25%  of  the  feedstock  to  be  supplied  by 
small  scale  farmers  in  achieving  proposed  biofuel  blends. 

In  August  2012,  the  South  African  government  revised  regula¬ 
tions  regarding  the  mandatory  blending  of  biofuels  with  fossil 
fuels,  allowing  for  5%  blending  of  biodiesel  with  diesel  and  a  range 
of  2%  up  to  10%  blending  of  ethanol  with  petrol  [11].  With 
a  blending  target  of  10%,  about  125  000  direct  jobs  could  be 
created  mainly  based  in  rural  areas.  According  to  the  South  African 
Department  of  Energy,  the  mandatory  biofuel  blending  will 
commence  from  the  first  of  October  2015.  The  effective  date  has 
been  proposed  considering  the  time  needed  to  finalise  the  Biofuels 
Pricing  Framework  and  to  develop  and  install  infrastructures 
required  to  manufacture,  supply  and  blend  biofuels  [38]. 

4.  Challenges  and  opportunities 

The  sustainable  development  and  commercialisation  of  biofuel 
industry  depends  on  several  factors  including  government  policy, 
target  and  mandates,  and  issues  related  to  energy  security, 
environment,  social  and  economic  impacts  [21,39,40],  The  chal¬ 
lenges  and  opportunities  relevant  to  the  development  of  biofuels 
in  South  Africa  are  discussed  in  the  following  Sections  4.1  to  4.5. 

4.1.  Biofuel  strategy 

Despite  having  biofuels  strategy  in  place  since  2007,  delays  in 
its  implementation  due  to  political  inaction  and  food  security 
issues  [31]  is  hindering  the  development  of  biofuels  industry  in 
South  Africa.  The  strategy  has  been  heavily  criticized  by  maize 
farmers  for  excluding  maize  as  ethanol  feedstock.  The  exclusion 
will  remain  at  least  until  the  initial  stage  (5  year  pilot)  of  biofuel 
development;  however,  the  strategy  acknowledged  that  the  coun¬ 
try  has  to  conduct  research  on  developing  other  crop  varieties  and 
second  generation  technologies  to  increase  the  nation's  biofuel 
production  levels. 

4.1.1.  Feedstock 

Feedstock  expansion  and  its  choice  are  important  in  biofuel 
development  as  feedstock  may  be  varied  to  reflect  different 
climate,  soil  types  and  water  demand.  South  Africa  is  a  water- 
stressed  country  [17,41]  with  agriculture  consuming  about  60%  of 


the  available  resources  for  irrigation  [17],  Diverting  the  existing 
allocation  to  produce  new  crops  for  biofuels  can  have  significant 
impact  on  water  scarcity.  In  drier  regions,  crops  which  do  not  rely 
on  irrigation  can  be  promoted  instead  of  crops  requiring  large 
quantities  of  water.  Dryland  crops,  such  as  soybeans,  maize  and 
jatropha  are  conservative  water  users  [17,42],  African  countries 
like  Angola  and  Lesotho  are  promoting  jatropha  due  to  its 
suitability  in  semi-arid  areas  [22,42,43],  South  Africa,  however, 
excluded  jatropha  due  to  its  invasive  behaviour  as  reported  by 
studies  conducted  in  parts  of  Australia  [42], 

Maize  is  a  major  staple  crop  and  a  source  of  animal  feed  in 
Africa.  The  domestic  consumption  of  maize  has  been  increasing  in 
recent  years  (Fig.  2),  hence  the  strategy  excluded  it  as  ethanol 
feedstock  to  address  possible  food  security  and  price  hike  issues. 
However,  South  Africa  has  a  potential  to  produce  maize  in  surplus 
amount  from  dedicated  land  [31,44].  The  area  under  the  maize  has 
been  decreasing  over  the  years,  whereas  the  production  of  maize 
has  been  increasing  and  the  yield  per  unit  area  has  almost  doubled 
(Fig.  2).  The  surplus  production  of  maize  might  provide  a  challenge 
to  the  South  African  government  to  consider  using  the  surplus 
amount  for  biofuel  production  and  alleviate  economic  burdens 
from  the  producers.  Maize  is  also  an  export  crop  and  its  export  has 
been  steadily  increasing  (Fig.  2).  A  study  is  necessary  to  examine 
the  sustainability  impacts  of  using  maize  for  energy  production 
compared  to  exporting  it. 

A  study  by  Department  of  Energy  identified  grain  sorghum  as  a 
potential  commercial  ethanol  feedstock,  which  may  result  in  a  major 
boost  of  grain  sorghum  output.  Sorghum  used  to  be  produced 
extensively  in  the  past,  but  production  declined  as  the  local  market 
demand  for  sorghum  decreased.  Sorghum  is  resistant  to  drought 
and  suited  to  be  cultivated  in  large  parts  of  South  Africa,  which 
makes  it  an  attractive  crop  [46].  Sorghum  yields  the  same  amount  of 
ethanol  per  bushel  as  maize  and  with  development  of  improved 
ethanol  processing  units,  sorghum  may  play  crucial  role  in  ethanol 
production.  Besides  these  crops,  South  Africa  can  benefit  from  its 
abundant  plant  biomass  to  develop  cellulosic  ethanol.  In  South 
Africa,  about  17.3  million  tonnes  of  agricultural  and  forestry  residues, 
and  8.7  million  tonnes  of  invasive  species  are  available  each  year 
[47].  However,  the  strategy  is  mainly  focused  on  biofuel  production 
from  first  generation  feedstock. 

4.1.2.  By-products 

The  proposed  biofuel  blending  mandates  require  processing 
large  amount  of  feedstock  which  will  produce  large  amount  of 


■■■»■'  Area  Harvested  (million  ha)  »  Maize  Production  (million  tonnes) 

— Maize  Consumption  (million  tonnes)  —  Maize  Export  (million  tonnes) 

*'  Yield  (t/ha) 


Fig.  2.  Area  coverage,  production,  consumption,  exports  and  yield  of  maize  in  South  Africa  [45]. 
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by-products.  Crop  residue,  also  called  sugarcane  bagasse,  is  a 
major  by-product  produced  during  the  production  of  sugarcane 
ethanol.  Bagasse  can  either  be  used  directly  as  a  solid  biofuel  to 
generate  heat  and  electricity  or  it  can  be  used  as  a  feedstock  for 
the  production  of  cellulosic  ethanol  and  other  bio-based  materials. 
Waste  products  produced  during  ethanol  production  can  be  used 
as  soil  amendments.  The  by-products  of  biodiesel  are  grain  meal 
and  glycerine.  Grain  meal  can  be  used  as  animal  feed  and  fertilizer, 
whereas  glycerine  can  be  used  in  pharmaceuticals  and  cosmetics. 

The  excessive  availability  of  by-products  can  also  raise  the 
concern  of  oversupply,  which  may  decrease  the  value  of  existing 
by-products.  For  instance,  an  increasing  production  of  biodiesel  in 
the  world  could  oversupply  glycerine  and  saturate  its  market 
which  will  eventually  slump  the  price  of  glycerine  [48].  The 
analysis  for  South  Africa,  however,  showed  that  biofuel  production 
of  up  to  4.5%  will  not  oversupply  the  by-products  [17],  Also, 
development  of  additional  markets  for  alternative  uses  of  these 
by-products  are  being  explored  worldwide,  for  instance  research 
has  found  that  glycerine  from  biodiesel  can  be  used  to  replace 
fossil-based  glycerine  in  livestock  rations  [49],  The  South  African 
biofuels  strategy  lacks  planning  on  proper  management  of  such 
large  amount  of  by-products.  A  policy  on  the  proper  management 
of  by-products  with  a  consultation  of  relevant  stakeholders  is 
required  to  mitigate  economic  consequences  on  the  off  take  of  the 
by-products. 


4.13.  Technology  and  investment 

The  production  technology  and  associated  cost  is  determined 
by  the  type  of  feedstock  used  for  biofuel  production  [50],  For 
instance,  ethanol  production  from  sugarcane  involves  processing 
sugarcane  and  fermenting  lower  quality  sugar  using  yeast  and 
nutrients;  and  cellulosic  ethanol  requires  additional  pre-treatment 
and  enzymatic  hydrolysis  processes.  Biodiesel  production  from 
oilseed  requires  oil  extraction  and  transesterification  reaction;  and 
biodiesel  from  waste  vegetable  oil  requires  pre-treatment  before 
conducting  transesterification  reaction.  Compared  to  acid  and 
alkali  based,  enzyme  based  transesterification  reaction  uses  less 
alcohol  and  much  lower  temperature  [51,52]  saving  energy,  cost 
and  C02  emissions  but  it  involves  cost  of  enzymes  [52], 

South  Africa  is  well  abreast  of  the  production  technology  of  the 
first  generation  biofuels,  which  is  mature  and  well  established  [17], 
New  and  advanced  technologies  for  second  generation  biofuels  is 
still  being  researched  and  at  various  stages  of  development  around 
the  world,  including  South  Africa  [26].  South  Africa  has  a  rich 
history  in  research  and  development  of  cellulosic  biomass  conver¬ 
sion  technologies  which  began  in  the  late  1970s  when  Council  for 
Industrial  and  Scientific  Research  (CISR)  began  funding  a  research 
programme  to  develop  a  technically  and  commercially  viable 
process  to  convert  bagasse  into  ethanol  [47], 

Despite  ongoing  research  and  development  to  optimise  feedstock 
and  processing  technologies  being  conducted  at  various  universities 
and  research  institutes,  the  country  is  still  being  challenged  with  the 
considerable  amount  of  investment  and  infrastructures  required  for 
sufficient  supply  and  efficient  conversion  of  feedstock  into  quality 
biofuels  [21],  In  order  to  obtain  sufficient  feedstock  supply  from 
targeted  small  scale  farmers,  South  Africa  needs  more  effort  on 
farming  units  and  knowledge,  production  efficiency  and  infrastruc¬ 
ture,  and  general  support  structures  of  small  scale  farming.  The 
current  yield  and  production  rate  of  WVO  biodiesel  in  South  Africa 
can  be  improved  by  some  technological  modifications,  such  as  use  of 
ultrasonic  reactors  [33], 

The  optimum  biodiesel  plant  size  in  South  Africa  ranges 
between  13.5  million  and  27.0  million  litres  per  year  and  capital 
investment  cost  for  these  plants  will  range  between  15.6  and  20.6 
million  USD  (110  to  145  million  ZAR)  for  biodiesel  plant  using 


locally  produced  grains  and  between  6.4  and  7.1  million  USD  (45  to 
50  million  ZAR)  for  biodiesel  plant  using  imported  crude  oil  [48], 
According  to  an  initial  economic  modelling  of  biofuels  using  2010 
data,  a  sugar  based  ethanol  plant  in  South  Africa  was  estimated  to 
be  about  25%  more  expensive  than  sorghum  based  ethanol  plant  of 
the  same  size  [46],  The  study  reported  that  the  selling  price  and 
the  cost  of  feedstock  are  the  most  sensitive  variables  for  ethanol. 
Whereas  soya  meal  price,  sunflower  seed  price  and  the  selling 
price  were  found  to  be  the  most  sensitive  variable  for  biodiesel. 
Due  to  the  dynamics  of  market  price,  the  models  are  required  to  be 
updated  periodically  to  reflect  the  market.  A  comprehensive  cost 
estimates  on  the  productivity  and  return  on  investment  at  each 
step  is  essential  to  determine  the  feasibility  of  biofuel  industry  [53], 
A  feasibility  study  has  indicated  that  biodiesel  production  from 
soybeans  is  viable  in  South  Africa  generating  commercial  returns 
without  a  need  to  provide  subsidies  [35], 

4.2.  Food  versus  fuel  debate 

Biofuel  development  has  been  blamed  for  increased  food  prices 
and  reduced  food  to  feed  hungry  mouths  worldwide  [40].  Critics 
continued  to  blame  biofuels  for  the  spike  in  food  prices  between 
2005-2008  and  2010-2011  [54-56],  Biofuel  expansion  was 
blamed  for  30%  increase  in  grain  price  from  2000  to  2007  [57], 
During  2008,  the  world  experienced  sudden  increase  in  world  food 
prices  causing  domestic  prices  of  staple  foods  to  increase  by  over 
50%  in  some  countries,  for  which  the  growth  of  biofuel  industry 
was  partially  blamed  [54,55].  However,  recent  studies  found  no 
direct  correlation  between  the  increased  biofuel  production  and 
increasing  food  prices  [58,59],  The  maize  prices  hardly  moved 
during  the  first  period  of  increase  in  US  ethanol  production,  and 
oilseed  prices  dropped  when  EU  increased  biodiesel  use.  On  the 
other  hand,  prices  spiked  while  ethanol  use  was  slowing  down  in 
US  and  biodiesel  was  stabilizing  in  EU.  Higher  oil  prices,  expanding 
global  demand  of  agricultural  commodities,  speculation  in  com¬ 
modity  markets  and  lax  monetary  policy  were  cited  as  the  leading 
cause  of  increased  price  of  food  commodities  worldwide  [58,59], 
The  issues  raised  by  different  stakeholders  on  the  impacts  of 
biofuel  on  food  security  are  one  of  the  major  concerns  making 
South  African  government  hesitant  to  approve  commercial  biofuel 
projects  to  date. 

South  Africa  is  a  net  exporter  of  food,  especially  sugar  and 
maize,  and  has  enough  land  to  accommodate  agricultural  produc¬ 
tion  for  both  food  and  fuel  [31],  The  2%  biofuel  penetration  level 
recommended  in  the  Biofuels  Industrial  Strategy  will  require  about 
1.4%  of  arable  land  and  about  14%  of  arable  land  was  estimated  to 
be  underutilised  [17],  Hence,  the  target  can  be  achieved  without 
jeopardising  food  security  by  targeting  new  and  additional  land. 
However,  a  key  challenge  lies  in  maximising  agricultural  produc¬ 
tivity  so  that  surplus  production  is  available  for  biofuels  without 
affecting  the  availability  and  pricing  of  food.  This  requires  rigorous 
research  efforts  to  increase  agricultural  productivity  of  especially 
first  generation  feedstock  so  that  surplus  production  is  available 
for  biofuels  [54]. 

4.2.1.  Soybean  production  in  South  Africa 

Soybeans  in  South  Africa  tend  to  have  less  controversy  regard¬ 
ing  food  versus  fuel  debate  because  South  Africa  has  enough  land 
to  accommodate  agricultural  production  for  both  food  and  fuel 
with  no  shortage  of  cooking  and  edible  oil  [32,60],  Soybean  is 
regarded  as  one  of  the  main  future  energy  crops  in  South  Africa 
due  to  advances  in  locally  adapted  genetically  modified  varieties 
and  high  level  of  mechanization  in  soybean  production.  The  area 
under  soybean  and  its  production  have  been  increasing  sharply 
over  a  decade  (Fig.  3).  This  upward  trend  of  soybean  production  in 
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Year 

Fig.  3.  Area  coverage  and  production  of  soybean  in  South  Africa  [45], 


Table  4 

Sugarcane  production  and  consumption  in  South  Africa.. 


Items 

2011/2012 

2012/2013 

2013/2014 

Area  harvested  (1000  ha)a 

271 

274 

310 

Yield  (t/ha)" 

62.1 

63.1 

66.7 

Sugarcane  production  (million  tonnes)3 

16.8 

17.3 

20.7 

Ethanol  from  total  sugarcane  (litres)5 

1.24 

1.28 

1.53 

Sugar  production  (million  tonnes)3 

1.83 

1.95 

2.37 

Sugar/sugarcane  ratio 

0.109 

0.113 

0.114 

Sugar  consumption  (million  tonnes)3 

1.69 

1.73 

1.73 

Surplus  sugar  (million  tonnes) 

1.43 

2.27 

6.10 

Surplus  sugarcane  (million  tonnes) 
Ethanol  from  surplus  sugarcane 

1.31 

2.00 

5.34 

(million  litres)5 

97 

148 

394 

a  Data  obtained  from  [63], 

b  Ethanol  productivity  used  is  19.5  gallon  per  tonne  of  sugarcane  [64], 


South  Africa  is  expected  to  continue  in  future  with  the  increase  in 
crushing  capacity  and  growing  demand  for  soy  meal.  South  African 
Bureau  for  Food  and  Agricultural  Policy  (BFAP)  projects  605  000  ha 
of  soybeans  could  be  planted  producing  about  1.62  million  tonnes 
of  soybeans  by  2020.  BFAP  predicts  an  increase  in  the  average 
soybean  yield  from  1.7  t/ha  to  2.7  t/ha  by  2020  [61], 

A  study  by  the  United  Nations  in  2003  estimated  that  1.4  billion 
litres  of  biodiesel  could  be  produced  in  South  Africa  with  the  use 
of  2.3  million  ha  of  land,  without  having  an  adverse  impact  on 
food  supplies  [62],  It  was  reported  that  even  half  of  this  projected 
amount  could  supply  about  17%  of  current  road  and  rail  use  of 
petroleum  diesel  in  the  country.  It  was  estimated  that  about  280 
million  litres  of  biodiesel  is  needed  to  be  produced  in  order  to 
supply  enough  biodiesel  to  create  a  5%  blend  (B5)  for  the  entire 
nation. 


4.2.2.  South  African  sugar  industry 

South  African  sugar  industry  has  been  consistently  producing 
and  exporting  surplus  sugar  and  hence  poses  less  risk  in  the  food 
versus  fuel  debate.  A  surplus  of  about  5.3  million  tonnes  of 
sugarcane  is  estimated  for  2013,  which  translates  to  about  394 
million  litres  of  ethanol  (Table  4).  Table  4  also  shows  the  increasing 
trend  of  sugarcane  surpluses  and  associated  ethanol  potential. 
Molasses,  a  by-product  of  sugar  industry,  contains  about  60%  of 
fermentable  sugar  and  can  be  used  to  produce  ethanol.  Sugarcane 


fibre,  a  residue  left  after  sweet  juice  extraction,  contains  carbohy¬ 
drates  which  can  be  used  to  produce  ethanol  which  does  not 
impact  on  food  production.  In  addition  to  continued  research  and 
development  of  suitable  alternative  feedstock  for  first  generation 
biofuels,  estimation  of  the  production  potential  of  second  genera¬ 
tion  biofuel  requires  advanced  infrastructure  and  further  research. 

4.3.  Environmental  and  land  use  change  impacts 

Biofuel  production  removes  C02  from  the  atmosphere  and  thus 
reduces  GHG  emissions  relative  to  fossil  fuels  which  take  carbon 
from  the  ground  and  emits  it  as  C02.  According  to  a  study 
conducted  by  the  South  African  government,  about  30%  and  50% 
reduction  in  GHG  emissions  can  be  achieved  from  ethanol  and 
biodiesel,  respectively  [46].  The  estimate  was  based  on  the 
environmental  modelling  of  reference  biofuel  plants  using  data 
for  the  year  2010.  The  capacities  of  reference  plants  were  158  000 
and  113  000  m3  per  year  for  ethanol  and  biodiesel,  respectively. 
However,  the  estimate  does  not  mention  any  inclusion  of  emis¬ 
sions  due  to  land  use  change  (LUC). 

4.3.1.  Land  use  change  impacts 

The  environmental  benefits  of  biodiesel  production  are  cur¬ 
rently  under  a  strong  debate  due  to  the  influence  of  including  net 
carbon  flows  associated  with  land  use  change  (LUC).  The  potential 
impact  of  LUC  on  life  cycle  emission  may  be  positive  or  negative. 
Biofuel  production  on  previously  sparsely  vegetated  and  highly 
disturbed  lands  using  reduced  tillage  and  better  crop  management 
can  result  in  a  net  gain  in  soil  carbon.  But  if  biofuels  replace 
natural  ecosystems,  such  as  forest,  wetlands,  and  grasslands,  the 
effect  will  be  mostly  negative  [65,66].  The  effect  of  such  direct  LUC 
is  well  studied  and  default  values  are  available  [65],  but  the 
methods  for  measuring  indirect  LUC  are  still  premature  [67], 
Indirect  LUC  is  a  displacement  effect  that  accounts  for  diverting 
existing  food  and  feed  croplands  into  biofuels,  which  may  result  in 
clearing  more  forests  or  grasslands  elsewhere  to  replace  crops  for 
feed  and  food  [67], 

While  studies  in  the  past  blamed  emissions  due  to  LUC  for  a  net 
increase  in  GHG  emissions  [66,68,69],  recent  studies  including  LUC 
emissions  found  biofuels  to  reduce  GHG  emissions  compared  to 
petroleum  fuels  and  comply  with  lifecycle  GHG  threshold  estab¬ 
lished  by  U.S.  Energy  Independence  and  Security  Act  (EISA)  of 
2007  [12,70,71].  The  improvement  in  environmental  performance 
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Fig.  4.  World  biofuel  production  and  Amazon  deforestation  [1,73], 
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Fig.  5.  National  land  cover  of  South  Africa  in  2011  [74], 


of  soybean  biodiesel  in  the  United  States  was  attributed  mainly  to 
consistently  increasing  soybean  yield  from  same  or  decreasing 
cropland  [71],  Likewise,  in  contrast  to  the  studies  blaming  biofuel 
feedstock  expansion  to  deforestation  [72],  the  statistics  from 
Brazil’s  National  Institute  of  Space  Research  (INPE)  suggests  the 
opposite.  The  INPE  statistics  shows  that  Amazon  deforestation  has 
fallen  by  83%  from  2004  to  2012,  while  biofuel  industries  in  the 
world  took  off  since  2004  (Fig.  4). 


4.3.2.  Land  use  pattern  of  South  Africa 

South  Africa  covers  a  land  area  of  121.3  million  ha,  of  which  over 
96  million  ha  (about  80%)  is  used  for  agriculture  and  subsistence 
livelihood  [74].  Only  13%  of  agricultural  area  has  potential  for  crop 
production  and  the  remainder  is  used  for  grazing.  Some  1.6  million 
ha  are  under  irrigation  and  produce  a  significant  proportion  of  the 
nation’s  total  agricultural  output.  Forestry  and  other  land  accounted 
for  remaining  20%  of  the  land  (Fig.  5). 

Over  a  decade,  the  transformed  areas  associated  with  other 
land  have  increased  by  12.6%  from  13.94  million  ha  in  2000  to 
15.69  million  ha  in  2011,  whereas  areas  under  arable  land  and 
permanent  crops  have  decreased  by  12.3%  from  14.19  million  ha  in 
2000  to  12.45  million  ha  in  2011  [74],  The  land  use  change  over  a 
decade  is  mainly  attributed  by  increase  in  other  land  use  types 
which  include  urban  land.  In  the  other  words,  the  total  food 
production  in  South  Africa  over  last  few  decades  has  increased 
significantly  mainly  through  improved  productivity  regardless  of 


decreasing  cultivation  land.  In  addition,  there  is  a  good  deal  of 
degraded  land  that  could  be  improved  for  agriculture. 

The  demand  for  land  to  produce  food,  fibre  and  timber  will 
continue  to  grow  and  the  land  requirement  for  biofuels  develop¬ 
ment  will  have  to  be  balanced  within  the  emerging  bio-economy 
of  the  country  [21],  Considering  the  early  phase  of  biofuel  devel¬ 
opment  in  South  Africa,  comprehensive  research  and  studies  on 
the  potential  impacts  of  LUC  on  the  environment  are  critical  to 
develop  appropriate  strategies  and  refine  biofuel  policies. 


4.4.  Social  and  economic  implications 

In  addition  to  the  impacts  of  biofuel  production  on  land  use 
changes,  biofuel  development  may  lead  to  many  important  social 
and  economic  impacts  in  the  country  from  health  and  safety  to 
human  rights  to  income  and  livelihood.  The  production  of  biofuel 
production  generally  occurs  in  rural  areas  with  opportunities  for 
agriculture,  so  developing  biofuels  is  considered  to  provide  energy 
and  employment  to  rural  people  [22], 


4.4.3.  Social  implications 

Loss  of  land  tenure  and  displacement  of  customary  livelihoods 
resulting  from  large  scale  land  transfers  to  biofuel  investors  is  one  of 
the  most  profound  negative  impacts  of  biofuel  feedstock  expansion 
[22,42,72].  Low  farm  wages,  illegal  workers  from  neighbouring 
countries,  crime  against  commercial  farmers  and  child  labour  are 
notable  social  issues  of  biofuel  expansion  in  South  Africa  [32],  The 
government  must  take  the  measures  to  fully  recognize  and  protect 
the  rights  of  the  tribal  communities  who  are  threatened  by  the 
expansion  of  biofuel  development  [75], 

The  preparation  and  implementation  of  guidelines  for  land 
reform  and  land  tenure,  healthy  working  environment,  adequate 
work  load  and  pay,  protocols  for  monitoring  and  rewarding  com¬ 
pliance  might  be  a  great  challenge  for  the  South  African  govern¬ 
ment.  In  addition,  most  of  the  social  impact  indicators  are  not  easily 
accessible  and  quantifiable  compared  to  energy  and  environmental 
impacts  of  biofuel  feedstock  expansion.  An  initial  assessment 
conducted  on  social  impacts  of  biofuel  development  suggested  that 
South  African  biodiesel  feedstock  practices  generally  comply  with 
the  acceptable  standards  for  human  rights,  working  conditions, 
health  and  safety,  and  socio-  economic  aspects  [32], 
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4.4.2.  Economic  implications 

Creation  of  additional  employment  opportunities  is  considered 
as  one  of  major  benefits  of  the  establishment  of  biofuel  industry  in 
the  community.  A  feasibility  study  conducted  by  Biofuels  Task 
Force  indicated  that  biofuel  industry  will  create  about  39  850  jobs 
in  South  Africa,  of  which  86%  will  be  in  the  agriculture  sector  [15], 
An  initial  estimate  showed  that  about  8400  and  20  000  additional 
jobs  will  be  created  from  grain  sorghum  ethanol  and  soybean 
biodiesel  plants,  respectively  [46].  If  South  Africa  substitutes  15% 
of  petrol  demand  by  ethanol  and  replaces  diesel  with  biodiesel, 
then  a  total  of  350  000  direct  jobs  will  be  created  [14],  Regular 
income  flows  from  biofuel  industry  has  been  credited  as  a  key 
benefit  over  agriculturally  based  livelihoods.  Brazil  stands  top  for 
providing  quality  employment  with  good  wages  and  improved 
livelihood  conditions  [72], 

The  oil  price  has  a  significant  influence  on  the  economic  perfor¬ 
mance  of  any  country  and  especially  for  oil  importing  countries, 
the  price  of  oil  has  impact  on  the  trade  balance.  Oil  has  to  be  paid 
for  in  dollars  and  the  Rand-Dollar  exchange  rate  influence  the 
import  as  well  as  domestic  price  of  oil.  According  to  the  Interna¬ 
tional  Monetary  Fund  (IMF),  the  value  of  oil  imports  in  South 
Africa  has  increased  by  four  fold  from  3.4  billion  USD  in  2000 
to  14.1  billion  USD  in  2011  [76].  Since  biofuels  trade  off  fossil 
fuel,  biofuel  development  has  the  potential  to  save  considerable 
amount  of  foreign  exchange.  Between  1976  and  2004,  Brazil  saved 
an  estimated  amount  of  50.2  billion  euro  on  oil  imports  through  its 
bio-ethanol  programme  [77],  The  production  cost  of  sugarcane 
ethanol  in  Brazil  was  estimated  to  be  around  0.18  USD  per  litre 
compared  to  0.46  USD  per  litre  for  maize  ethanol  production  in  the 
United  States  [78].  The  production  cost  of  soy  biodiesel  in  U.S.  was 
estimated  to  be  0.87  USD  per  litre.  The  competitive  cost  of  biofuels 
when  compared  with  conventional  fuels  is  however  driven  by 
subsidized  farming  and  tax  incentives  for  producers  and  blenders. 

The  economics  of  biofuel  production  depends  on  the  scale  of 
the  project  because  the  unit  costs  for  small  scale  projects  are 


higher  than  the  large  scale  projects  for  the  same  crop.  The  proce¬ 
ssing  cost  per  litre  in  small  scale  plants  was  found  to  be  75%  higher 
than  that  in  large  scale  plants  [79],  The  economics  of  biofuel 
production  also  varies  with  feedstock  processing  and  the  region 
where  the  biofuel  plant  is  based.  The  production  of  feedstock 
accounts  for  the  highest  share  of  biofuel  production  costing  up  to 
75%  of  the  total  cost  of  production.  The  lower  labour  costs, 
production  technology  and  transportation  cost  in  Brazil  [79]  are 
major  reasons  which  contributed  to  the  lower  production  costs  of 
bioethanol  (17-62%)  compared  to  the  US  and  Europe.  Biofuel 
industry  and  community  can  also  earn  revenue  from  good  man¬ 
agement,  proper  marketing  and  export  [16]  of  by-products,  such  as 
using  or  selling  sugarcane  residue  for  energy,  oil  meals  as  animal 
feed  and  fertilizer,  and  glycerine  as  chemical  feedstock  for  phar¬ 
maceuticals,  cosmetics,  etc.  Furthermore,  developing  biofuel  plant 
in  the  vicinity  of  feedstock  production  area  with  co-located 
processing  facilities  (e.g.  oil  crushing  mill  and  conversion  facilities 
for  biodiesel  production)  saves  transportation  cost  and  brings 
benefits  directly  to  local  communities  [22]. 

4.5.  Impact  assessment  studies 

Despite  being  produced  from  renewable  biomass  resources, 
biofuel  production  uses  variety  of  non-renewable  resources  over 
its  life  cycle,  such  as  synthetic  fertilizers  to  improve  yields,  fossil 
fuels  for  powering  farm  equipment  and  transportation  vehicles, 
and  energy  uses  in  biofuel  processing  plants  [71],  There  has  been 
some  criticism  that  biofuels  may  not  reduce  fossil  energy  use  and 
GF1G  emissions  [80,81], 

The  energy  and  environmental  impacts  of  biofuel  production 
depends  on  feedstock  and  biofuel  type.  For  instance,  soybean  requires 
less  fertilizer  and  converting  soybean  oil  to  biodiesel  requires  far  less 
energy  than  converting  maize  to  ethanol  [82].  Likewise,  biodiesel 
produced  from  WVO  will  lower  both  raw  material  cost  [83]  and  C02 
compared  to  biodiesel  produced  from  virgin  oil  [84,85],  A  study  of 


Table  5 

LCA  Results  for  various  biofuel  production. 


Biofuel 

Feedstock 

Energy  ratio1 

GHG  emission0 

Country 

References 

Ethanol 

Corn 

2.3 

USA 

[89] 

48-59% 

USA 

[86] 

1.61 

19-48% 

USA 

[90] 

Sugarcane 

4.32 

46-62% 

USA 

[90] 

8.3-10.2 

Brazil 

[91] 

61% 

Brazil 

[92] 

5.4 

77% 

Sweden 

[93] 

Sugar  beet 

1.3 

Netherlands 

[94] 

2.64 

69-84% 

Sweden 

[93] 

Sorghum 

32-52% 

USA 

[95] 

Crop  residue  (Cellulosic) 

4.77-6.01 

77-115% 

USA 

[90] 

Biodiesel 

Soybean 

3.2 

78% 

USA 

[7] 

5.54 

USA 

[18] 

62% 

China 

[96] 

81% 

USA 

[71] 

Canola 

41-51% 

Australia 

[97] 

3.93 

90% 

Canada 

[98] 

Sunflower 

4.5 

Greece 

[99] 

66% 

EU 

[100] 

Rapeseed 

3.0 

EU 

[101] 

34% 

EU 

[102] 

3.77 

42-74% 

Sweden 

[93] 

Jatropha 

1.4-8.0 

40-107% 

India 

[103] 

80% 

China 

[96] 

Microalgae 

82% 

China 

[96] 

WVO 

7.8 

USA 

[104] 

84% 

EU 

[102] 

a  Biofuel  yield  per  unit  of  energy  for  every  unit  of  fossil  energy  consumed  over  its  life-cycle. 
b  Emission  reduction  compared  to  that  of  petroleum  counterparts. 
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maize  ethanol  biorefinery  in  United  States  reported  that  maize 
farming  accounted  for  about  50%  of  total  GHG  emission,  of  which 
N20  emission  accounted  for  half  of  it  [86], 

Life  cycle  assessment  (LCA)  is  used  to  quantify  and  compare 
energy  and  environmental  flows  associated  both  with  biofuels  and 
fossil  fuels  [18,87].  Many  biofuel  LCAs  have  been  conducted 
following  International  Organization  for  Standardization  (ISO) 
standards  confirming  the  renewability  and  lower  pollution  levels 
of  biofuels  compared  to  that  of  petroleum  counterparts  (Table  5). 
The  wide  range  of  results  reported  for  different  biofuel  LCA  are 
mainly  due  to  differences  in  the  selection  of  feedstock,  biofuel 
production  technology,  system  boundary  and  co-product  alloca¬ 
tion  methods  [88], 

Delay  in  the  implementation  of  Biofuels  Industrial  Strategy  in 
South  Africa  provides  an  opportunity  to  consider  the  potential 
impacts  and  benefits  of  biofuel  industry,  and  the  selection  of 
feedstock  and  technologies  [21],  At  present,  South  Africa  lacks 
comprehensive  assessment  of  impacts  of  developing  biofuels  on 
energy  security,  environment  and  economics  of  the  country.  LCA 
will  be  useful  in  exploring  and  selecting  feedstock  and  technolo¬ 
gies  best  suited  to  South  African  biofuel  industry,  which  can 
further  assist  policymakers  in  supporting  biofuel  products  that 
results  in  the  least  burden  to  environment,  economy  and  society  of 
the  country. 


5.  Conclusion  and  recommendations 

Biofuels  have  the  potential  to  extend  and  diversify  South 
Africa’s  energy  supply  which  helps  reduce  South  Africa’s  foreign 
dependence  on  oil  and  carbon  footprint.  Over  the  years,  South 
Africa  has  established  several  biofuel  policies  and  mandates 
aiming  to  promote  the  production  and  use  of  biomass  based  fuels, 
attract  investment  into  rural  agricultural  development,  and  create 
additional  employment.  Despite  many  policy  statements  and 
plans,  there  is  still  no  large  scale  commercial  biofuel  industry  in 
the  country.  However,  few  manufacturing  sites  have  been  identi¬ 
fied  and  licenced  for  large  scale  commercial  biofuel  production. 

Though  the  justification  of  biofuel  targets  to  reduce  GHG  emis¬ 
sions  and  enhance  energy  security  is  attractive,  the  consequences  of 
biofuel  development  on  local  and  global  land  use  change,  food 
insecurity  and  socio-economic  impacts  are  complex.  Since  the  initial 
growth  of  biofuel  industry  in  South  Africa  will  depend  on  first 
generation  technologies,  biofuel  development  in  the  country  needs 
rigorous  research  efforts  to  increase  agricultural  productivity  so  that 
surplus  production  is  available  for  biofuel  production.  Both  sugarcane 
and  soybean  are  being  consistently  produced  in  surplus  amount, 
which  can  be  used  for  biofuel  production  without  posing  much  risk 
on  food  security.  However,  further  research  will  be  needed  to 
establish  the  production  potential,  viability  and  impacts  of  the 
promising  alternative  biofuel  feedstock.  Since  cellulosic  biomass  does 
not  impact  on  food  production,  research  needs  to  be  conducted  on 
suitability  of  cellulosic  biomass  as  a  feedstock  for  biofuel  production 
in  South  Africa.  The  production  cost  of  feedstock  accounts  for  the 
highest  share  of  total  biofuel  production,  hence  the  selection  of 
feedstock  appropriate  to  the  region  plays  a  vital  role  in  the  biofuel 
policy.  Furthermore,  the  feedstock  selection  can  contribute  to  the 
rural  employment  creation  from  agricultural  production. 

Studies  and  reports  have  shown  that  South  Africa  has  the 
capability  and  resources  for  biofuel  development.  The  countiy  has 
about  14%  of  arable  land  underutilized.  This  can  be  used  for  biofuel 
development  without  jeopardising  food  security  and  land  use 
change  issues.  In  addition  to  this,  South  Africa  has  a  good  deal  of 
degraded  land  that  can  be  improved  for  agriculture.  However,  a 
considerable  amount  of  investment  required  for  continued  supply  of 
appropriate  feedstock,  improved  infrastructure  and  efficient  biomass 


conversion  technologies  will  be  a  big  challenge  for  the  South  African 
government.  In  addition,  advanced  research  on  technological  expan¬ 
sion  will  be  essential  to  allow  for  increased  possibilities  of  alter¬ 
native  feedstock  and  efficient  conversion  processes. 

The  South  African  government  requires  that  a  minimum  of  25% 
of  the  feedstock  supply  for  recommended  biofuel  blending  must 
come  from  small  scale  farmers.  However,  South  Africa  lacks  farm¬ 
ing  units  and  knowledge,  production  efficiency  and  infrastructure, 
and  general  support  structures  of  small  scale  farming.  In  addition 
to  biofuel  blending  rules  and  production  targets  set  by  the  South 
African  government,  environmental  and  socio-economic  criteria 
should  be  enunciated  in  biofuel  policies  with  provisions  for  strong 
implementation  through  mandatory  use  of  strategic  impact 
assessments  of  biofuel  expansion  on  environment,  economics 
and  society. 

It  is  sensible  to  measure  the  benefits  and  consequences  of 
biofuel  production  before  the  establishment  of  biofuel  industries 
in  the  country.  The  life  cycle  approach  should  be  used  over  the 
value  chain  of  biofuels  to  measure  and  compare  energy  and 
environmental  performances  of  biofuels  and  fossil  fuels.  Globally, 
several  studies  have  been  conducted  on  biofuel  development 
showing  both  positive  and  negative  impacts  on  the  environment, 
land  use  change,  biodiversity,  economics  and  society.  Such  studies 
provide  comparative  results  over  the  petroleum  counterparts  and 
can  help  policy  makers  to  support  a  product  that  results  in  the 
least  burden  to  the  environment  and  society.  However,  South 
Africa  lacks  such  comprehensive  studies  which  can  be  critical  in 
identifying  feedstock  and  technologies  best  suited  for  the  South 
African  environment,  economics  and  society.  Such  studies  provide 
vital  information  to  policy  makers  with  the  broader  impacts  of 
biofuel  development,  and  hence  help  the  government  to  revise 
and  implement  biofuel  policy  suitable  for  successful  development 
of  biofuels  in  the  Republic  of  South  Africa. 
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